This paper reexamines the profitability of loser, winner and contrarian portfolios in the Chinese stock market using monthly data of all stocks traded on the Shanghai Stock Exchange and Shenzhen Stock Exchange covering the period from January 1997 to December 2012. We find evidence of short-term and long-term contrarian profitability in the whole sample period when the estimation and holding horizons are 1 month or longer than 12 months and the annualized returns of contrarian portfolios increases with the estimation and holding horizons. We perform subperiod analysis and find that the long-term contrarian effect is significant in both bullish and bearish states while the short-term contrarian effect disappears in bullish states. We compare the performance of contrarian portfolios based on different grouping manners in the estimation period and unveil that decile grouping outperforms quintile grouping and tertile grouping, which is more evident and robust in the long run. Generally, loser portfolios and winner portfolios have positive returns and loser portfolios perform much better than winner portfolios. Both loser and winner portfolios in bullish states perform better than those in the whole sample period. In contrast, loser and winner portfolios have smaller returns in bearish states in which loser portfolio returns are significant only in the long term and winner portfolio returns become insignificant. These results are robust to the one-month skipping between the estimation and holding periods and for the two stock exchanges. Our findings show that the Chinese stock market is not efficient in the weak form. These findings also have obvious practical implications for financial practitioners. less), intermediate term (3 to 12 months) and long term (more than 12 months).
Introduction
The Efficient Markets Hypothesis is a cornerstone of modern finance [1, 2] . However, there is accumulating evidence for the presence of market anomalies, such as the momentum effect and the contrarian effect. The momentum effect describes the empirically observed tendency for rising asset prices to rise further and falling prices to keep falling, while the contrarian effect describes the price reversal phenomenon stating that stocks that perform the best (worst) in the past tend to reverse to perform well (poorly) over the subsequent periods. The momentum and contrarian effects have attracted wide attention in the academic community and in the financial industry as well in the past two decades.
Jegadeesh and Iitman conduct the first research on the momentum effect [3] . By setting 16 combinations of different estimation and holding horizons, investors would get abnormal returns in the holding period through purchasing the best performing stock (winner) portfolio and selling the worst performing stock (loser) portfolio in the estimation period. They find that 15 out of the 16 arbitrage portfolios yield statistically significant returns in the next 3 to 12 months, which also confirms the existence of the intermediate-term momentum effect. The research on the contrarian effect was initially conducted in Ref. [4] . They use monthly data of hundreds of individual stocks listed on the New York Stock Exchange from 1926 to 1982, and construct the winner portfolio of 35 best performed stocks in the past 3 years and the loser portfolio of 35 worst performed stocks in the past 3 years. They find empirical evidence that in the next three years, the loser portfolio performs better than the winner portfolio with a 25% higher average cumulative return, which indicates the existence of a long-term contrarian effect.
Early investigations of momentum and contrarian effects focused on the US market. These two anomalies have also been found in other markets later. Rouwenhorst investigates 12 European stock markets from 1980 to 1995 and reports that the winner portfolio results in an average monthly return 1% higher than the loser portfolio [5] . Chan et al. [6] and Chou et al. [7] find the short-horizon contrarian effect in the Japanese market. Baytas and Cakici report the presence of a long-term contrarian effect in seven non-US markets [8] . Hameed and Ting find the price reversal in the Malaysian market [9] . Kang et al. reveal that there was a short-term contrarian effect and an intermediate-term momentum effect in the Chinese market [10] . Naughton et al. also find the momentum effect in China [11] . Additionally, the momentum and contrarian effects have been discovered in the markets of different financial products. Grinblatt et al. utilize the data of 155 mutual fund companies from 1975 to 1984 and find that about 77% mutual funds that applied momentum strategy gained statistically significant higher returns than the rest [12] . Asness et al. investigate the correlation between the value and momentum effects in international markets, and discover a universal momentum effect in different regions and different asset classes [13] . The research in Ref. [14] draws similar conclusions.
The original momentum and contrarian effects were based on cross-sectional prices or returns of assets, also called "price momentum" [3, 7, 10] . More and more kinds of momentum or contrarian effects were explored in a body of further studies about market anomalies, which in turn partially explained the presence of momentum and contrarian effects. On the basis of price momentum, various factors containing firm-specific information were taken into consideration. Investors can construct zero-cost arbitrage portfolios in terms of more information and get higher profits. These factors include firm capitalization [3, 5] , stock price [15, 16] , book-to-market ratio [17] , trading volume [11, 18] , and so on. Moreover, the assets could be divided into portfolios with different styles according to these firm-specific information factors and the momentum or contrarian effect about style portfolio (style investing) also attracted wide attention as well [19, 20] . Studies on specific industrial sectors unveil that the momentum and contrarian effects can obtain much more profits in industrial sectors [21, 22] . Note that the results about the momentum and contrarian effects vary with changing market states [23] and seasonality [24] . There are also studies on individual stocks and stock market indexes [25] , which is beyond the scope of this work.
With the increasing importance of China in the world economy, more and more related researches have been carried out on the Chinese stock market. It has been shown that the Chinese stock market and the US stock market are uncorrelated [26] and even negatively correlated in some periods [10] . In early 1990s, two stock exchanges, the Shanghai Stock Exchange (SHSE) and the Shenzhen Stock Exchange (SZSE), were established in China. Compared with other mature financial markets, the data size of the Chinese market is relatively smaller, which may lead to imprecise results. The trading mechanisms of the Chinese market differ from other markets and keep self-improving. In the Chinese market, the majority of investors are retail investors, causing larger irrational and speculative behaviors. These situations may contribute differently to some anomaly phenomena. It is not surprising that studies about the momentum and contrarian effects in the Chinese stock market report mixed results. The conclusions of momentum and contrarian effects are often associated with the length of the estimation and holding periods and the sample periods under investigation. In general, the horizons can be divided into short term (3 months or 
Materials and Methods Data
There are two stock exchanges -Shanghai Stock Exchange (SHSE) and Shenzhen Stock Exchange (SZSE) -in mainland China, and the Chinese stock market contains an A-share market and a B-share market. Most stocks are traded only in the A-share market, while a small proportion of stocks are traded in both markets. At the end of 2012, there are 944 A-share stocks and 54 B-share stocks in the SHSE and 1528 A-share stocks and 53 B-share stocks in the SZSE ( Table 1) . Different from A-share stocks, B-shares were not accessible to domestic investors until February 2001, and the B-share stock market has lower liquidity and market value. As described in Table 1 , by the end of 2012, the B-share stocks accounted for 5.41% and 3.35% in the SHSE and the SZSE, the market value of B-share stocks only accounted for 0.5% and 1.11% in the SHSE and the SZSE, the trading value of B-share stocks took up 0.25% in the SHSE and 0.30% in the SZSE, and the A-share market had larger number of investors and higher turnover rate. Therefore, our analysis is carried out upon the Chinese A-share stock market, which can be representative of the Chinese domestic investment environment. Because the average market capitalizations of SHSE stocks (16. 73 billion CNY per stock) and SZSE stocks (4.64 billion CNY per stock) are significantly different, we shall investigate separately the A-share stocks in the two exchanges for comparison. We use monthly data of all A-share stocks listed on the SHSE and the SZSE retrieved from the RESSET database (http://www.resset.cn). The data mainly contain the monthly adjusted returns of individual stocks, covering the period from January 1991 to December 2012. Very often, stock price jumps occur during the IPO month, which is attributed to the price determination of China Securities Regulatory Commission (CSRC), and it results in abnormal first-month returns for individual stocks. Therefore, the first-month return data of individual stocks are excluded from our analysis. During the early years after the establishment of the two exchanges, only a few stocks were available to investors, as shown in Fig. 1 . There were less than 200 stocks listed on each exchange by the end of 1995 and the number of stocks increased steadily. The mature price limit trading rules became effective since December 1996, requiring that the maximum daily price fluctuation with respect to the last closing price is ±10% for common stocks. Although there were also other price limit trading rules in the Chinese stock market for some periods before then, the implementation time periods were short. Combining these factors, we exclude the data before 1997 and consider the period from January 1997 to December 2012 in the empirical analysis. the contrarian strategy by buying the loser portfolio and selling the winner portfolio. The contrarian portfolio CON(J, K) is held for K months. We examine the equal-weighted average returns per annum of the loser portfolio, the winner portfolio, and the contrarian portfolio during the holding period, denoted by L J,K , W J,K and C J,K respectively. The contrarian effect is verified if the time series of returns for contrarian portfolios turn out to be statistically positive. Conversely, there would be the momentum effect. Figure 2 . The estimation and holding periods. The estimation period is J months and the holding period is K months.
Empirical results
The case of identical estimation and holding horizons (J = K)
We study the performance of the three portfolios in the whole period (1997-2012) with same estimation period and holding period for the three ranking groupings. The periods range from one month to four years: J = K ∈ {J, K|1, 6, 12, 18, 24, 30, 36, 42, 48}. Table 2 reports the equal-weighted average annual returns for the loser, winner and contrarian portfolios by taking a long position of each portfolio in the holding period. Comparing the two panels, we find that the results are qualitatively similar with minor differences. 
The returns of all the portfolios are positive. This finding is not surprising because the Chinese market has an overall rise. The returns of the loser portfolios are larger than those of the winner portfolios, indicating the presence of investor overreaction [4, 45, 46] . The performance of the contrarian strategy is worse than the simple strategy of buying loser portfolio. The positive returns of winner portfolios indicate that the contrarian strategy profits mainly come from the loser portfolio.
Nearly all the strategy portfolios could gain the statistically significant positive return when the holding horizons are beyond about 18 months or equal to 1 month. When the horizon is 6 or 12 months, there is no significant evidence for the presence of the contrarian effect or the momentum effect. The finding of long-term contrarian effect is consistent with most literature about the Chinese stock market. The short-term contrarian effect may be due to no time gap between the estimation and holding period, which could exaggerate the contrarian effect because of some measurement errors. We will discuss further in the rest of the paper.
A close scrutiny unveils that the return C J,K of contrarian portfolios decreases at first and then rises up with the horizon J or K, which can be characterized as a U-shape relation. For example, on the basis of decile grouping for SHSE stocks, the CON(1, 1) portfolio produces an annual return of 12.8%, the return of the CON(6, 6) portfolio decreases to 1.1%, and the profit of the contrarian portfolios keep rising to 19.7% for CON (48, 48) with increasing horizon J. It is worthy noting that [7] report a similar and more general U-shape relationship between the returns and the horizons when investigating the contrarian effect in the Japanese market. Table 2 also shows the impact of different grouping methods. The annualized return of loser portfolios on both exchanges decreases with the number of groups from tertile to decile for small J and increases for long horizons J. For the winner portfolios on both exchanges, the annualized return is smaller when there are more groups. Combining these observations, the trend of returns of the contrarian portfolios on short horizons is mixed; however, on long horizons, the return increases with the number of groups.
The case of varying J and K
We now perform more comprehensive analysis with varying J and K for decile, quintile and tertile groupings. The results of decile grouping are presented in Table 3 for SHSE stocks and in Table 4 for SZSE stocks. The values of estimation horizons J and holding horizons K range from one month to four years. Panels A, B and C report the results for loser portfolios, winner portfolios, and contrarian portfolios, respectively. The results based on quintile grouping and tertile grouping for the two exchanges are similar to the case of decile grouping and shown in Table S1 for quintile grouping of SHSE stocks, Table S2 for quintile grouping of SZSE stocks, Table S3 for tertile grouping of SHSE stocks, and Table S4 for tertile grouping of SZSE stocks.
According to Table 3 and Table 4 , the most intriguing feature is that all annualized returns are positive. Panel A illustrates that, for both exchanges, all the loser portfolios result in positive returns across all estimation and holding horizons, and all the returns are statistically significant at the 5% level except for a few portfolios at small horizons. The profits of winner portfolios on both exchanges, as shown in panel B, are also positive for all combinations of J and K, which suggests that the profits of contrarian portfolios are mainly contributed by the loser portfolios. The significance of results for winner portfolios differ by the holding horizons K. No returns of the winner portfolios are significant at the 5% level when K ≤ 6, while all returns are significantly positive when K ≥ 30. The contrarian portfolios are formed by selling the winner portfolios and buying the loser portfolios. Panel C shows that all the contrarian portfolios yield positive returns, which implies the absence of the momentum effect on both exchanges during the whole sample period. All the returns are significantly positive when the holding horizon K = 1, except for CON(12, 1) on the SHSE, which indicates the presence of the short-term contrarian effect, consistent with the most previous literatures such as [10] and [34] on shorter sample periods. When the estimation horizon J is larger than one year, most returns are significantly positive despite of the holding periods, suggesting the presence of both short-term and long-term contrarian effects, which is again consistent with other works such as [27] , [47] , [28] , and [35] for shorter sample periods. Figure 3 . Contour plots of the average annualized returns based on decile grouping with varying estimation and holding horizons. The left panel is for loser portfolios, the middle panel is for winner portfolios, and the right panel is for contrarian portfolios. The top panel is for the SHSE stocks and the bottom is for the SZSE stocks. Table 3 and Table 4 show that the average annualized returns depend on the values of J and K. To better explore this dependence, we illustrate the contours of returns based on decile grouping in Fig. 3 . We also show the results in Figure S1 for quintile grouping and in Figure S2 for tertile grouping. The values of J and K are 1 month and multiples of 3 months up to 4 years. Similar results are obtained for quintile grouping and tertile grouping. The top panel is for the SHSE stocks and the bottom panel is for the SZSE stocks. The corresponding contour patterns are roughly similar for the same type of portfolio. However, different types of portfolio exhibit very different contour patterns.
For the loser portfolios, the return L J,K increases roughly with J and K. A closer scrutiny unveils more details. There is a valley around J = 9 and K = 6, which are the portfolios with the worst performance. The best performance is achieved if one ranks the stocks according to their profits in the past four years and holds the loser portfolio for two years (SZSE) or longer (SHSE). The highest annualized return is 36.2% for the LOS(48, 36) portfolio on the SHSE and 36.9% for the LOS (48, 24) and LOS(42, 30) portfolios on the SZSE.
When the holding horizon K is short, say no longer than 1 year, the annualized returns of the winner portfolios are almost independent of the holding horizon J. When the holding horizon is longer than 1 year, the winner returns decrease with increasing estimation horizon. When the estimation horizon J is fixed, the winner portfolio return increases first and decreases with the holding horizon K. When the estimation horizon is very short (say, J = 1) and the holding horizon is around 2 years, the winner portfolio return is the highest.
The annualized returns of contrarian portfolios depend more on the estimation horizon J than on the holding horizon K. A evident trend is that C J,K increases with J for fixed K. For fixed J, the return C J,K decreases first and then increases, showing a V-shape pattern. Hence, the best performance is achieved for portfolios formed on long estimation horizons and held for very short (1-3 months) and especially for very long (3-4 years) horizons. Under these conditions, the profits are very significant. For instance, the CON(48, 1) portfolio provide an average annualized return of 20.9% for the SHSE stocks and 21.1% for the SZSE stocks.
The relative profits of contrarian portfolios with different ranking groups
In the literature, three grouping methods are adopted in the formation of portfolios, including decile grouping [3, 27] , quintile grouping [10, 41] , and tertile grouping [13] . For the Chinese stock market, the results are qualitatively similar for different grouping methods. We now investigate the relative performances of these grouping methods. For each of the three grouping methods, we form winner, loser and contrarian portfolios based on different combinations of estimation and holding horizons with J and K belonging to {1, 6, 12, 18, 24, 30, 36, 42, 48}. For each portfolio, say WIN(J, K), we obtain the return time series W J,K,g (t) for each grouping g and determine the averages of return differences between different g's, W J,K,g1 (t) − W J,K,g2 (t) t . The resulting average return differences and the associated t-statistics of the winner, loser and contrarian portfolios for the two exchanges are presented in Table S5-Table S10 . Table 5 shows the results for J = K.
Panel A of Table 5 reports the average return differences for the loser portfolios with J = K in the two exchanges. Most of the return differences are negative for short horizons and positive for long horizons. For short horizons, some of return differences are significantly negative while other are insignificant. For long horizons, especially when J = K ≥ 30 for SHSE stocks and J = K ≥ 24 for SZSE stocks, all return differences are significantly positive. This panel suggests that, if one buys loser portfolios, she should adopt long horizons and use the decile grouping to form her portfolios to obtain high and robust profits. These findings also hold when the estimation horizon and the holding horizon are not fixed identical.
Panel B of Table 5 reports the average return differences for the winner portfolios with J = K in the two exchanges. The most significant feature is that all return differences are negative. The negative return difference is more likely to be significant if the horizons are longer. When J is not necessary equal to K, the results have only slight differences, as shown in Table S7 and Table S8 . For the comparison of quintile grouping and tertile grouping (G 5 − G 3 ), all 81 combinations of J and K have negative return differences for the SHSE stocks, and only 3 out of the 81 combinations (WIN(12, 1), WIN(30, 1) and WIN(42, 1)) have positive return differences for the SZSE stocks which are however not significant. For the comparison of decile grouping and quintile grouping (G 10 − G 5 ), only 2 combinations (WIN (1, 42) and WIN(1, 48)) have positive return differences for the SHSE stocks which are insignificant, and there are 14 combinations have positive return differences for the SZSE stocks with one (WIN (42, 6) ) being significant at the 5% level. For the comparison of decile grouping and tertile grouping (G 10 − G 3 ), all 81 combinations have negative return differences for the SHSE stocks, and there are 3 combinations have positive return differences for the SZSE stocks which are not significant at the 5% level. Therefore, if one adopts the strategy to buy winner portfolios, it is better to use tertile grouping and long estimation and holding horizons.
Panel C of Table 5 reports the average return differences for the contrarian portfolios with J = K in the two exchanges. There are positive and negative return differences. All negative return differences are not significant at the 5% level and the corresponding horizons are not longer than one year. For horizons longer than one year, all the return differences are positive and most are significant at the 1% level. If we do not fix J = K, the results are similar. Therefore, if an investor wants to adopt the contrarian strategy, she should use decile grouping and long-term lagged returns to rank stocks to construct her portfolio and hold it for a long period. Table 5 . Relative performance of different grouping methods based on the same strategy of portfolios with J = K for the whole sample period 1997-2012. This table reports the differences of the average annualized returns and the corresponding t-statistics of two strategies that are different only in the grouping methods. The three panels are for the loser, winner and contrarian portfolios, respectively. In the first row, G 3 , G 5 and G 10 stand for tertile, quintile and decile groupings. The sample period is January 1997 to December 2012. The superscripts * and ** denote the significance at 5% and 1% levels, respectively.
The profits of contrarian portfolios in different exchanges
As mentioned in Materials and Methods, the SHSE and the SZSE have different features, such as market value per stock, which may lead to different results in the two exchanges. However, the results resented so far are qualitatively similar for both exchanges. Now we intend to investigate quantitatively the contrarian return differences between the SHSE and the SZSE. We first obtain the time series of returns difference for each contrarian portfolio with the stocks listed on different exchanges, and then calculate their averages. The results are reported in the Table 6 .
Panel A shows the results for contrarian portfolios based on decile grouping. There are three contrarian portfolios (CON(12, 30), CON (18, 30) and CON (24, 30) ) having negative return differences that are significant at the 5% level and four portfolios (CON (30, 48) , CON (36, 48) , CON (42, 48) , CON (48, 48) ) with significant positive return differences (three at the 1% level and one at the 5% level). The remaining 74 portfolios do not exhibit significant differences between the two exchanges.
Panel B presents the results for contrarian portfolios based on quintile grouping. There are 17 contrarian portfolios showing significant differences between the two exchanges, in which 4 are negative and 13 are positive. The remaining 64 portfolios do not exhibit significant differences between the two exchanges.
Panel C depicts the results for contrarian portfolios based on tertile grouping. There are 26 contrarian portfolios that have significant differences between the two exchanges in which 3 are negative and 23 are positive, while the other 55 portfolios do not exhibit significant differences. The portfolios with positive return differences between the two exchanges concentrate mainly at the right-bottom corner of the panel, showing that contrarian portfolios with long-term estimation and holding horizons have significantly different average annualized returns on the two exchanges and they are more profitable on the SHSE that have large-cap stocks on average. 
Robustness check
In this section, two approaches are adopted to check the robustness of the findings. First, we perform subperiod analysis through dividing the whole sample period into two subperiods delimited by the onset of the largest and most infamous crash in the history of China's stock market. One subperiod is from January 1997 to September 2007 and the other is from October 2007 to December 2012. Second, the case of skipping one month between the estimation and holding periods is considered to avoid possible measurement errors. Figure 4 illustrates the evolution of daily closing prices of the Shanghai Stock Exchange Composite Index. The SHSE composite index was merely 99.98 on 19 December 1990, which is the first day when SHSE took into operation. By the end of 1996, the index reached 917.02, about ten times of the initial index. The market then experienced bulls and bears and kept climbing to the peak about 6092.06 on 16 October 2007. The historical intraday high was 6124.04 on the same day. Afterwards, the index declined sharply, and entered the long-term adjustment stage. In 2009, the market experienced a bubble [48] . However, the index is far lower than the historical high. At the end of 2012, the index was 2269. 13 It is thus necessary to check the robustness of our findings during subperiods. Subperiod analysis is frequently-used in literatures [3, 7, 41] . We divide the whole sample period (1997-2012) into two subperiods, January 1997 to September 2007 and October 2007 to December 2012. The former period represents a long-term rising stage of the market, while the latter one represents an adjustment stage. The results are presented in Table 7 for the SHSE stocks and Table 8 for SZSE stocks, in which all portfolios are formed with identical estimation and holding horizons, that is, J = K.
Subperiod analysis
For the loser portfolios in the first subperiod (Panel A of both tables), almost all annualized returns are significantly positive at the 5% level for the SHSE stocks except for two LOS(6, 6) portfolios based on decile grouping and quintile grouping, while almost all annualized returns are significantly positive for the SZSE stocks. For the loser portfolios in the second subperiod (Panel B of both tables), the annualized returns are positive but not significant when J ≤ 24 and significantly positive when J ≥ 30 for the SHSE stocks, while the annualized returns for the SZSE stocks are significantly positive only when J ≥ 24. A loser portfolio results in significantly higher profits in the first subperiod that is bullish on average. However, despite the market status, strategies of buying loser portfolios are unlikely to incur losses and are very likely to earn money. We also observe that loser portfolios have better performances if the horizons are longer. For the winner portfolios in the first subperiod, all the annualized returns are positive for both exchanges. Moreover, winner portfolios with K ≥ 30 give significant positive returns at the 5% level and other portfolios with shorter horizons may have significant and insignificant positive returns. In contrast, although most annualized returns in the second subperiod are positive, no return is significantly positive nor negative. These observations have a simple intuitive explanation. When the market is bullish, loser portfolios will rebound to rise and winner portfolios will continue to rise. When the market is bearish, loser portfolios will reverse with a higher probability, while winner portfolios will bear pressure to continue rising. Table 7 . The annualized returns of the loser, winner and contrarian portfolios formed based on J-month lagged returns and held for K months with J = K for SHSE stocks in two subperiods. We now turn to the contrarian portfolios. In the first subperiod, the returns with J ≥ 18 are significantly positive and that with J ≤ 12 are insignificant for SHSE stocks, and the returns with J ≥ 24 are significantly positive and those with J ≤ 18 are insignificant for SZSE stocks. In addition, a given portfolio performs better in the SHSE than in the SZSE. We also find that contrarian portfolios based on more groups have higher annualized returns than portfolios based on less groups. For instance, the annualized return of CON (48, 48) based on decile grouping is greater than that on tertile grouping by 0.102 on the SHSE and by 0.083 on the SZSE. In the second subperiod, almost all annualized returns are significantly positive, except for the two CON (18, 18) portfolios based on decile grouping and quintile grouping on the SHSE and for CON(6, 6) based on decile, quintile and tertile groupings on the SZSE. A given portfolio performs better in the SZSE than in the SHSE. Again, portfolios based on more groups result in higher returns. For instance, the annualized return of CON (48, 48) based on decile grouping is greater than that on tertile grouping by 0.087 on the SHSE and by 0.157 on the SZSE. Hence, when an investor adopts contrarian strategies, it is better to invest in SHSE stocks during bullish states and in SZSE stocks during bearish periods. Table 8 . The annualized returns of the loser, winner and contrarian portfolios formed based on J-month lagged returns and held for K months with J = K for SZSE stocks in two subperiods. We also study the relationship between the returns of contrarian portfolios based on varying J and K in the two subperiods. The results are illustrated in Figure S3 for the first subperiod and in Figure S4 for the second subperiod. The main findings are qualitatively the same as in Tables 7 and 8 . The contour plots provide more information. It is evident that the returns of the cases based on three different grouping ways co-move positively with J. The dependence of the returns on the holding horizon K differ in different subperiods. Specifically, during the first subperiod, the relation between contrarian returns and K can be depicted as a U-shape, that is, the returns reduce at first and then increase with K. However, during the second subperiod, the relationship can be depicted as an L-shape, which suggests that the returns would decrease at first and then become steady with increasing K.
Robustness to measurement
We have observed significant short-term contrarian effect when J = K = 1 in the full period 1997-2012 and in the bearish subperiod 2007-2012, but not in the bullish subperiod 1997-2007. The short-term contrarian effect might be attributed to some factors such as bid-ask bounce and lagged reaction [42, 49] . In order to avoid measurement errors caused by these factors, a common approach is to skip some time interval between the estimation period and the holding period [7, 10] . We use one month as the skipping interval and perform the analysis on the whole sample period for loser, winner and contrarian portfolios with J = K. The results are reported in Table 9 , which are compared with Table 2 .
For the loser portfolios on the SHSE (Panel A of Table 9 ), most of the returns reduce after the one-month skipping. The most remarkable reduction is happened for the LOS(6, 6) portfolios (0.019 for decile grouping, 0.014 for quintile grouping and 0.012 for the tertile grouping). The reduction of returns for LOS(1, 1) portfolios based on the quintile and tertile groupings is slightly lower. For other loser portfolios, the return reduction is minor. For the loser portfolios on the SZSE (Panel B of Table 9 ), we observe slightly different behaviors. After skipping one month, the returns of LOS(1, 1) portfolios increase slightly and the returns of LOS(6, 6) portfolios decrease mildly. For other loser portfolios, both increase and decrease in the annualized returns are observed; However, the degree of change is minor. Overall, skipping one month does not change the significance of the annualized returns of loser portfolios. For the winner portfolios, most of the annualized returns increase after skipping one month. When K ≥ 12, the differences are ignorable. When J = 1 and J = 6, we observe a large increase. However, the returns are still insignificant.
For the contrarian portfolios, the returns with J ≥ 12 after skipping one month change slightly of order 0.001 and are thus not significant. However, the returns of CON(1, 1) and CON(6, 6) reduce remarkably. For instance, in the case of decile grouping for SHSE stocks, the average annual returns of CON(1, 1) and CON (6, 6) in Table 2 are 0.128 and 0.011, while in the case of skipping one month, the average annual returns of CON(1, 1) and CON(6, 6) decrease to 0.108 and −0.022, respectively. Meanwhile, CON(1, 1) still has statistically significant return, which indicates that there is no measurement errors. The reduction of contrarian returns is mainly due to the higher profits of winner portfolios after skipping one month. It is clear that the short-term contrarian effect still exists though the average returns of contrarian portfolios reduce. It is trivial that skipping one month will not impact the profitability of trading strategies on the long run so that the long-term contrarian effect also exist.
It is also interesting to investigate the return differences of contrarian portfolios based on the three different grouping ways. In the short run, there is evidence showing that quintile grouping performs better than tertile grouping at the 5% significance level. However, no significant difference is observed between decile grouping and other two groupings. In the long run, decile grouping outperforms quintile grouping and quintile grouping outperforms tertile grouping. We also study the relationship between returns of the contrarian portfolios with varying J and K in the case of one-month skipping ( Figure S5 ). We find that, the returns of contrarian portfolios increase with the estimation horizon J. The patterns with respect to the holding horizon K are more complicated and similar to those for the original strategies without one-month skipping. Table 9 . The results for skipping one month between J and K for the whole sample period 1997-2012. There is a one-month skip between the estimation and holding horizons.
Conclusion
Following the seminal work of Jegadeesh and Titman [3] , we investigate the performance of loser portfolios, winner portfolios and contrarian portfolios in the Chinese stock market. The analysis is performed on the monthly returns of all A-share stocks listed on the Shanghai Stock Exchange and the Shenzhen Stock Exchanges. The two samples of SHSE stocks and SZSE stocks cover the period from January 1997 to December 2012.
We find the presence of the contrarian effect in both exchanges across short, intermediate and long horizons. The profits of portfolios depend on the estimation and holding horizons. Especially, longer estimation and holding horizons lead to more profitable contrarian portfolios. When adding one-month time interval between the estimation and holding periods, the results still suggest the existence of significant short-term and long-term contrarian effects even though the profits are decreasing substantially when J = K = 1. We also conduct subperiod analysis. The long-term contrarian effect is very robust to the subperiods analysis, while the results for short estimation and holding horizons vary with different market states. The short-term contrarian effect is more explicit when the market is in a bearish stage.
Additionally, we study the impact of grouping ways on the performance of portfolios. Specifically, decile, quintile and tertile groupings are adopted. We find that the contrarian portfolios based on decile grouping are more profitable than those based on quintile and tertile groupings. This conclusion is more explicit when the estimation and holding horizons are longer than 12 months. These findings remain valid to the robustness checks based on subperiod analysis and one-month skipping. This table reports the average annualized returns and the corresponding t-statistics adjusted for heteroscedasticity and autocorrelation of the loser, winner and contrarian portfolios, which are formed by ranking the stocks based on their J-month lagged returns, adopting the quintile grouping, and holding for K months. The values of J and K for different strategies are indicated in the first collum and the first row respectively. The sample period is January 1997 to December 2012. The superscripts * and ** denote the significance at 5% and 1% levels, respectively. This table reports the average annualized returns and the corresponding t-statistics adjusted for heteroscedasticity and autocorrelation of the loser, winner and contrarian portfolios, which are formed by ranking the stocks based on their J-month lagged returns, adopting the quintile grouping, and holding for K months. The values of J and K for different strategies are indicated in the first collum and the first row respectively. The sample period is January 1997 to December 2012. The superscripts * and ** denote the significance at 5% and 1% levels, respectively. This table reports the average annualized returns and the corresponding t-statistics adjusted for heteroscedasticity and autocorrelation of the loser, winner and contrarian portfolios, which are formed by ranking the stocks based on their J-month lagged returns, adopting the tertile grouping, and holding for K months. The values of J and K for different strategies are indicated in the first collum and the first row respectively. The sample period is January 1997 to December 2012. The superscripts * and ** denote the significance at 5% and 1% levels, respectively. This table reports the average annualized returns and the corresponding t-statistics adjusted for heteroscedasticity and autocorrelation of the loser, winner and contrarian portfolios, which are formed by ranking the stocks based on their J-month lagged returns, adopting the tertile grouping, and holding for K months. The values of J and K for different strategies are indicated in the first collum and the first row respectively. The sample period is January 1997 to December 2012. The superscripts * and ** denote the significance at 5% and 1% levels, respectively. This table reports the differences of the average annualized returns and the corresponding t-statistics adjusted for heteroscedasticity and autocorrelation of two loser strategies that are different only in the grouping methods for SHSE stocks. The three panels are for the loser, winner and contrarian portfolios, respectively. In the first row, G3, G5 and G10 stand for tertile, quintile and decile groupings. The sample period is January 1997 to December 2012. The superscripts * and ** denote the significance at 5% and 1% levels, respectively. This table reports the differences of the average annualized returns and the corresponding t-statistics adjusted for heteroscedasticity and autocorrelation of two loser strategies that are different only in the grouping methods for SZSE stocks. The three panels are for the loser, winner and contrarian portfolios, respectively. In the first row, G3, G5 and G10 stand for tertile, quintile and decile groupings. The sample period is January 1997 to December 2012. The superscripts * and ** denote the significance at 5% and 1% levels, respectively.
